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(54) Apparatus and method for providing continuity of operation in a system 



(57) The invention provides apparatus in which the 
state of a system at a particular point can be preserved 
for subsequent processing. The apparatus comprises 
detecting means (11) for detecting an event indicating 
that a process for saving the state of the system is to be 
started, and system state saving means (12) responsive 
to an instruction from the detecting means for generating 
for supply to a non-volatile memory (72), data output rep- 
resenting the contents of a main memory, I/O status and 
CPU status. System state restoring means (14, 15) are 
operable to read out from the non-volatile memory data 
previously stored therein for restoring the contents of the 
main memory, the I/O status and the CPU status to a 
previous condition. Post restoration processing means 
(16) are also provided for controlling processing after the 
previous condition is restored to provide continuity with 
processing leading to the previous condition. 
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Description 

The present invention relates to apparatus and a 
method for providing continuity of operation in a system. 

Continuity of personal computers is desirable such s 
that when a power supply for the personal computer is 
turned off and then is subsequently turned on again, the 
system is restored to the state established immediately 
before the power supply was previously turned off for per- 
mitting processing being executed at the time when the w 
power supply was turned off to continue. 

The advent of small sized, battery driven computers 
has resulted in portable computers which can be used 
irrespective of place and time, for example, while waiting 
for trains or aeroplanes, in free time before the start of 75 
meetings, etc. However, it is often difficult to complete all 
the procedures for the required processing in such a lim- 
ited period of time. On these occasions, such computers 
would become more convenient to use, if the suspended 
processing could be continued later in any free moment, 20 
even after the power supply had been turned off and then 
on again. 

Meanwhile, if the battery voltage drops too low (LOW 
BATTERY) during periods of use or because a power 
switch is inadvertently left on by the user, processing 25 
needs to be suspended under such non-chargeable con- 
ditions and then resumed later after re-charging. In the 
worst case, all of the data may be lost in the course of 
processing due to cut off of the power supply. It is desir- 
able, therefore, for the power supply to be turned off after 30 
the current state is saved and for the suspended 
processing to be continued following clearing of the LOW 
BATTERY condition. 

As will be seen from the above, the continuity of a 
computer is one of the crucial factors in improving the 35 
convenience of portable computers, in particular. 

Realisation of continuity absolutely requires the sys- 
tem state at the point when the power supply is turned 
off to be held. That is, the contents of a main memory, 
the setting condition of I/O ports, the state of a CPU, etc. 40 
must be held. The setting condition (status) of the I/O 
ports specifies in turn the condition of hardware at the 
time when the power supply is turned off. The condition 
of the hardware can be stored as information in the main 
memory, and so the retention of data in the main memory 45 
will be considered herein. 

With the conventional continuity techniques, the 
retention of data in the main memory has basically been 
realised by back-up of the power supply for the main 
memory. Specifically, power is supplied continuously to so 
the main memory, comprising an SRAM, even after turn 
off of the power supply in order to retain the contents of 
the SRAM. Alternatively, if the main memory comprises 
a DRAM, a periodic refresh is effected even after turn off 
of the power supply. 55 

However, such continuity techniques give rise to the 
following problems:- 



(1) The system cost is increased as a result of the 
complexity of the circuit configuration and the spe- 
cialised design of the devices employed. 

(2) Data cannot be preserved in the long term using 
only battery cells. 



Thus, the resulting system is expensive and does 
not satisfactorily accomplish continuity. 

The present invention seeks to solve the problems 
mentioned above, and to provide a continuity method 
which is inexpensive and reliable, as well as a more uni- 
versal continuity system. 

According to one aspect of the present invention, 
there is provided an apparatus for providing continuity of 
operation in a system which exhibits a system condition 
and which performs a process, the system including a 
CPU having a status, a main memory for storing data 
and a power supply for supplying power to said system, 
said apparatus for providing continuity comprising: 

save process start detecting means for detecting 
a demand to begin a save process and producing a 
demand signal in response thereto; characterised by fur- 
ther comprising; 

non-volatile memory means for storing data rep- 
resenting the condition of said system; 

system state saving means coupled to said save 
process start detecting means for receiving said demand 
signal, and coupled to said CPU and said main memory 
for receiving a CPU status corresponding to the status 
of said CPU at the time of said demand and the data in 
said memory at the time of said demand, the CPU status 
and data representing a condition of said system at an 
occurrence of said demand, and being further coupled 
to said non-volatile memory means for storing said sys- 
tem condition in said non- volatile memory means in 
response to said demand signal to the extent necessary 
to restore said system to enable said apparatus to per- 
form said process and to continue said process at one 
of the same, next or prior step; and 

post-save processing means coupled to said sys- 
tem state saving means for performing processing after 
said system state saving means has completely output 
said system condition to said non-volatile memory 
means. 

As described in detail below, the apparatus can 
achieve not only continuity relative to the state estab- 
lished when a power supply was last turned off but also 
continuity by restoring the system to the state it was in 
at a yet earlier time. 

Thus, the present invention allows the system to 
operate in a continuous manner by recording the system 
state, at the time of turning off the power supply or at a 
time instructed by the user, into the non-volatile memory 
means and then restoring the recorded earlier state upon 
turning on the power supply or upon an instruction from 
the user. 

Thus, the processing occurring immediately before 
turn off of the power supply may be executed continu- 
ously. 
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According to another aspect of the present inven- 
tion, there is provided a method for providing continuity 
of operation in a system which exhibits a system condi- 
tion and which performs a process, the system including 
a CPU having a status, a main memory for storing data, 5 
a non-volatile memory and a power supply for supplying 
power to said system, said CPU status and main memory 
data representing said system condition, said method 
comprising the steps of: 

detecting a demand for saving said system con- w 
dition and providing a demand signal; 

storing said system condition to said non-volatile 
memory in response to said demand signal to the extent 
necessary to restore said process and to continue said 
process at one of the same, next or prior step; and 75 

performing processing after said system condi- 
tion has been completely stored to said non-volatile 
memory. 

The present invention will be described further, by 
way of example, with reference to the accompanying 20 
drawings, in which:- 

Figure 1 is a block diagram illustrating the basic 
structure of a computer according to the present 
invention; 25 
Figure 2 is a block diagram illustrating a first embod- 
iment of save process start detecting means of the 
computer; 

Figure 3 is a block diagram illustrating a second 
embodiment of save process start detecting means 30 
of the computer; 

Figure 4 is a block diagram illustrating a third embod- 
iment of save process start detecting means of the 
computer; 

Figure 5 is a block diagram illustrating a fourth 35 
embodiment of save process start detecting means 
of the computer; 

Figure 6 is a diagram for explaining the operation of 
a save start command detection processing pro- 
gram shown in Figure 5; 40 
Figure 7 is a block diagram illustrating a f irst embod- 
iment of a system state saving means of the com- 
puter; 

Figure 8 is a block diagram illustrating a second 
embodiment of system state saving means of the 45 
computer; 

Figure 9 is a blockdiagram illustrating a third embod- 
iment of system state saving means of the computer; 
Figure 10 is a block diagram illustrating a first 
embodiment of post save processing means of the so 
computer; 

Figure 11 is a block diagram illustrating a second 
embodiment of post save processing means of the 
computer; 

Figure 12 is a block diagram illustrating a first 55 
embodiment of restore process starting means of 
the computer; 



Figure 13 is a block diagram illustrating a second 
embodiment of restore process starting means of 
the computer; 

Figure 14 is a block diagram illustrating a first 
embodiment of system state restoring means of the 
computer; 

Figure 15 is a block diagram illustrating a second 
embodiment of system state restoring means of the 
computer; 

Figure 16 is a block diagram illustrating a third 
embodiment of system state restoring means of the 
computer; 

Figure 17 is a block diagram illustrating a first 
embodiment of post restoration processing means 
of the computer; 

Figure 18 is a block diagram illustrating a second 
embodiment of post restoration processing means 
of the computer; 

Figure 19 is a block diagram illustrating in greater 
detail one embodiment of computer according to the 
present invention; and 

Figure 20 is a block diagram illustrating in greater 
detail another embodiment of computer according 
to the present invention. 

Referring initially to Figure 1 , a computer according 
to the present invention comprises generally save proc- 
ess start detecting means 1 1 , which manage and deter- 
mine the timing at which the system state is to be saved. 
The save process is triggered by one of the following: 
turning off a power switch, the occurrence of a LOW BAT- 
TERY condition, or an instruction from the user, etc. 

When a decision to save is made by the save proc- 
ess start detecting means 11, system state saving 
means 1 2 are arranged to supply data relating to the sys- 
tem state to an external store that will not lose the data 
even if the system power is cut off. 

Post save processing means 13 then perform any 
processing required after the system state has been 
saved, for example, turning off the power supply, contin- 
ued processing, initialisation, etc. Usually, the post save 
processing means 1 3 initiate turn off of the power supply. 

Subsequently, restore process starting means 14 
are activated, after raising the system or upon an instruc- 
tion from the user, in order to activate system state 
restoring means 15. 

The system state restoring means 15 read out the 
data relating to the earlier system state stored in the 
external store and sets such data in the system for restor- 
ing the previous state. 

Post restoration processing means 16 finally restart 
the previously interrupted process in the restored system 
state. As an alternative, however, it is possible for a user 
to interrupt the process altogether. 

Since each of the means employed in the present 
invention can be implemented in various ways, preferred 
embodiments of these means will be described first, fol- 
lowing which typical configurations for the overall com- 
puter will be described by way of example. 
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A first embodiment of the save process start detect- 
ing means 1 1 is shown in Figure 2, and comprises a 
power switch 21, a power switch state detector 22, an 
interruption controller 23, and a power off detection 
processing program 24. 5 

When the power switch 21 is turned off by the user, 
the power switch state detector 22 detects the turn off of 
the power switch 21 and issues to the interruption con- 
troller 23 a signal for requesting an interruption in accord- 
ance with the cut off of the power. Upon receiving that w 
signal, the interruption controller 23 causes an interrup- 
tion indicating cut off of the power. The power off detec- 
tion processing program 24 is responsive to the 
interruption to detect turn off of the power switch 21 in 
software terms and carries out the necessary process is 
steps to activate the system state saving means 12 
(described later). 

A second embodiment of the save process start 
detecting means 11 shown in Figure 3 comprises a 
power switch 31 , a switch state port 32, a system timer 20 
33, an interruption controller 34, a timer routine 35, and 
a power off detection processing program 36. 

When the power switch 31 is turned off by the user, 
the switch state port 32, which is connected to the power 
switch 31 and which is capable of reading the state of 25 
the power switch using a program, indicates turn off of 
the power switch 31 . Further, the system timer 33 sends 
an interruption request signal to the interruption control- 
ler 34 at certain intervals, whereupon the interruption 
controller 34 causes a timer interruption. In response to 30 
the interruption request, the timer routine 35 is activated 
first to carry out the necessary processing such as up- 
dating of a counter and then to call the power off detec- 
tion processing program 36. The power off detection 
processing program 36 reads the switch state port 32 35 
and activates the system state saving means 12 
(described later) if the power switch 31 is turned off, but 
returns the control back to the timer routine 35 to termi- 
nate the timer interruption ifthe power switch 31 is turned 
on. 40 

While the first embodiment of the save process start 
detecting means 1 1 is activated in response to the inter- 
ruption caused upon cut off of the power, the second 
embodiment of the save process start detecting means 
1 1 detects cut off of the power only at certain intervals 45 
during the timer interruption. 

A third embodiment of the save process start detect- 
ing means 1 1 will now be described with reference to 
Figure 4. This embodiment comprises a power switch 41 , 
a switch state port 42, a keyboard 43, a keyboard data so 
receiving unit 44, an interruption controller 45, a key- 
board interruption routine 46, a keyboard data reading 
routine 47, a power off detection processing program 48, 
and a keyboard data buffer 49. 

In this embodiment, when the power switch 41 is 55 
turned off by the user, the switch state port 42, connected 
to the power switch 41 and capable of reading the on/off 
state of the power switch using a program, indicates turn 
off of the power switch 41 . Further, when any key on the 



keyboard 43 is depressed, the keyboard data receiving 
unit 44 receives data from the keyboard 43 indicating that 
that key is depressed and sends a keyboard data receiv- 
ing interruption request signal to the interruption control- 
ler 45. The interruption controller 45 causes a keyboard 
input interruption to activate the keyboard interruption 
routine 46, so that the keyboard data is read out of the 
keyboard data receiving unit 44 and loaded into the key- 
board data buffer 49. The keyboard data loaded into the 
keyboard data buffer 49 is read out by the keyboard data 
reading routine 47 upon a request from a user program. 
The keyboard data reading routine 47 reads out the key- 
board data and supplies it to the user program when key- 
board data is present in the keyboard data buffer 49, but 
informs the user program of the absence of a key input, 
or waits until there is a key input and the keyboard data 
is entered into the keyboard data buffer 49, if the key- 
board data buffer 49 is vacant. The decision whether to 
return the null state or wait for entry of the keyboard data 
is determined by the function of the keyboard data read- 
ing routine 47 or by the instruction from the user program. 
After reading the keyboard data, or immediately before 
indicating to the user program that the keyboard data 
buffer 49 is vacant, or during the wait for the next key- 
board data to be loaded into the keyboard data buffer 49, 
the keyboard data reading routine 47 calls the power off 
detection processing program 48, which reads the power 
switch state port 42 and which then activates system 
state saving means 12 (described later) if the power 
switch 41 is turned off. 

While the second embodiment of the save process 
start detecting means 1 1 detects cut off of the power in 
association with the timer interruption, the third embod- 
iment of the save process start detecting means 1 1 fea- 
tures the detection of cut off of the power in association 
with the keyboard data reading program called by the 
user program most frequently 

A fourth embodiment of the save process start 
detecting means 1 1 , which is shown in Figure 5, com- 
prises a keyboard 51 , a keyboard data receiving unit 52, 
an interruption controller 53, a keyboard interruption rou- 
tine 54, a save start command detection processing pro- 
gram 55, and a keyboard data buffer 56. 

In this embodiment, when any key on the keyboard 
51 is depressed, the keyboard data indicating that that 
key is depressed is transmitted by the keyboard 51 to the 
keyboard data receiving unit 52, which in turn sends a 
keyboard data receiving interruption request signal to the 
interruption controller 53. The interruption controller 53 
activates the keyboard interruption routine 54, so that the 
keyboard data is read out of the keyboard data receiving 
unit 52 and loaded into the keyboard data buffer 56, fol- 
lowing which the keyboard interruption routine calls the 
save start command detection processing program 55. 
The save start command detection processing program 
55 monitors the contents of the keyboard buffer or other 
data concerning the keyboard, for example concerning 
keyboard status, and calls the system state saving 
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means 12 (described later) when a specified state 
arises. 

The save start command detection processing pro- 
gram 55 detects the specified state in the following man- 
ner: with reference to Figure 6, a keyboard status byte s 
61 includes a first bit 62 serving as a shift key status bit, 
and a second bit 63 serving as a control key status bit. 

When during the keyboard interruption routine 54, a 
character such as "A", for example, is depressed on the 
keyboard and received as input data, the received char- 10 
acter data is loaded into a keyboard buffer 64 and, as the 
final input character, its location within the keyboard 
buffer 64 is indicated by a buffer top pointer 65. If the next 
received data indicates a shift key being depressed 
(turned on), this data is not loaded into the keyboard is 
buffer 64, and the shift key status bit 62 as the first bit of 
the keyboard status byte 61 is set to 1 . Upon receiving 
the data indicating that the shift key has been released, 
the shift key status bit 62 is set to 0. Thus, the shift key 
status bit 62 takes 1 while the shift key is being 20 
depressed, but 0 when it is released. Likewise, the state 
of a control key is indicated by the control key status bit 
63. Assuming that the instruction provided from the user 
to start the save processing is indicated by the fact that 
"the shift key and the control key are depressed simulta- 25 
neously and the character "A" is further depressed", the 
save start command detection processing program 55 
checks firstly whether the shift key status bit 62 and the 
control key status bit 63 are both set to 1 (turned on), 
and secondly whether the data within the keyboard buffer 30 
64 pointed by the buffer top pointer 65 is "A". If the above 
three conditions are all satisfied, the system state saving 
means 12 (described later) is called. 

As will be apparent from the above description, while 
the first to third embodiments of the save process start 35 
detecting means 1 1 detect turn off of the power switch, 
the fourth embodiment detects an instruction input by the 
user from the keyboard. 

In a case where the first to third embodiments of the 
save process start detecting means 1 1 are modified by 40 
replacing the power switches 21 , 31 and 41 with system 
voltage detection command switches, which detect elec- 
trically a decrease in voltage when the system voltage 
drops below a certain reference level and which operates 
similarly to the power switches 21,31 and 41 , the system 45 
state saving means 12 (described later) can still be acti- 
vated in the same manner. The system voltage detection 
command switches in this instance may have a structure 
which takes into consideration characteristics of battery 
cells, the system state, time dependent variations in the so 
decrease of the system voltage and other factors, such 
switches having the object of detecting a state when the 
charge capacity in the battery drive system has been 
lowered, before shut down of the system. 

Referring now to the system state saving means 1 2, 55 
information relating to the system state, including the 
contents of a main memory, I/O status concerning the 
setting of I/O ports and hence the condition of devices in 
the system, the CPU state, etc., must be saved. The I/O 



status in terms of the setting manner and values of the 
I/O ports, and hence the condition of the devices, must 
be explicitly stated. In terms of information, however, the 
I/O status can be handled in a like manner to the infor- 
mation representing the state of the main memory and 
the CPU. Various means for outputting such information 
into an external store will now be described. 

A first embodiment of the system state saving 
means 1 2 is shown in Figure 7 and comprises a system 
saving program 71 , a hard disk drive 72 having a system 
state store region 73, a main memory 74, a CPU status 
store 75, and an I/O status store 76. 

When the system saving program 71 is activated, 
the contents of the main memory 74, the CPU status 
store 75 and the I/O status store 76 are transferred into 
the system state store region 73 within the hard diskdrive 
72 as an external store. After completion of this output- 
ting task, the control initiative is transferred to post save 
processing means 13 (described later). 

The contents of the main memory 74 are basically 
only required to give information sufficient for realising 
system continuity. In general, the memory information 
that does not concern the continuity process itself needs 
to be saved in the state established prior to activation of 
the save process start detecting means 1 1 . 

The CPU status store 75 gives information with 
which the system state restoring means 15 (described 
later) can restore the CPU state, existing at the time of 
the last or yet earlier turn off of the power switch or at the 
time instructed by the user, when the power switch is next 
turned on or when the user next provides an instruction. 
Generally, the CPU status is stored in a stack of the main 
memory 74, and hence is saved at the same time as the 
contents of the main memory 74. The information in a 
special register etc. within the CPU is saved separately. 

The I/O status store 76 gives information about I/O 
ports and the devices in the computer, which information 
is capable of setting the I/O ports and the devices and 
then restoring the I/O ports and the devices, to their state 
at the point immediately before activation of the aforesaid 
save process start detecting means 1 1 , when the power 
switch is next turned on or when the system state is 
restored upon an instruction from the user. Those parts 
among the I/O information which remain unchanged irre- 
spective of turn on/off of the power switch are not 
required to be saved. 

The system state store region 73 within the hard disk 
drive 72 has capacity reserved at the time of logical for- 
matting, which is sufficient only to store the additional 
information necessary for completely saving the con- 
tents of the main memory 74, the CPU status store 75 
and the I/O status store 76 under control. Hence, the 
region 73 is separate from the region for storing DOS as 
well as the programs and data utilized under DOS. Thus, 
the system state store region 73 is fixedly maintaining 
within the hard disk drive 72 for being read by system 
state restoring means 15 (described later) for restoring 
the system state. 
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A second embodiment of the system state saving 
means 12 shown in Figure 8 comprises a system saving 
program 81 , a hard disk drive 82, a system state store 
file 83 residing in the hard disk drive 82, a main memory 
84, a CPU status store 85, and an I/O status store 86. 5 

In the embodiment shown in Figure 8, when the sys- 
tem saving program 81 is activated, the contents of the 
main memory 84, the CPU status store 85 and the I/O 
status store 86 are transferred, in the form of one file, to 
the hard disk drive 82 as an external store. This file is w 
the system state store file 83. While the main memory 
84, the CPU status store 85 and the I/O status store 86 
are the same as those described in connection with the 
first embodiment of the system state saving means 12, 
the present embodiment of the system state saving 15 
means features the system state store file 83 instead of 
the aforesaid system state store region 73 to store the 
relevant information. 

Storing the system state in the form of a file can 
increase the number of states logically stored. This 20 
makes it possible to restore the system not only to the 
state existing at the time when the power switch was last 
turned off or at the time instructed by the user, but also 
to a state existing at the time of a yet earlier turn off of 
the power switch or at any time instructed by the user. 25 
Handling in the form of af ile also readily permits the dele- 
tion or correction of the information stored. In the case 
of restoring the system to the state existing at a point 
earlier than the last turn off of the power switch, however, 
it is required for the system state restoring means 15 30 
(described later) to execute the processing without leav- 
ing any contradictions, because of the probability of 
changes in the contents of the external store. 

A third embodiment of the system state saving 
means 1 2 will now be described with reference to Figure 35 
9. This embodiment comprises a system saving program 
91 , a floppy diskette 92, a system state store region 93 
as a specific area in the floppy diskette 92, a main mem- 
ory 94, a CPU status store 95, and an I/O status store 96. 

In this embodiment, the hard diskdrive 72 in the first 40 
embodiment of the system state saving means 12 is 
replaced by the floppy diskette 92. Information such as 
the contents of the main memory 94, the CPU status 
store 95 and the I/O status store 96 is saved in a like 
manner as in the aforesaid first embodiment. 45 

While the hard disk drive 72 is fixed to the computer 
body, the floppy diskette 92 is not fixed to the computer 
body and can be replaced as a recording medium. 
According to this embodiment, although the system state 
store region 93 is fixed in one floppy diskette, multiple so 
system states can be recorded and retained using a plu- 
rality of floppy diskettes. In this respect, similar consid- 
erations as in the second embodiment of the system 
state saving means apply. 

Respective embodiments of the post save process- 55 
ing means 13 will now be described with reference to 
Figures 10 and 11. 

The embodiment shown in Figure 10 comprises a 
power supply unit 101 , an electric power switch 102 and 



an a power off program 103. The power supply unit 101 
supplies power to the system. The electrical power 
switch 1 02 is connected to the power supply unit 1 0 1 and 
is capable of disconnecting the power supply unit 101 
using software. When the power off program 1 03 initiates 
turning off of the electric power switch 102, the power 
supply unit 101 is disconnected and the supply of power 
to the system is cut off. Thus, this embodiment of the 
means 13 permits the power supplied to the system to 
be cut off by means of software. 

The embodiment of the post save processing means 
13 shown in Figure 11 comprises a processing select 
program 1 1 1, a processing determination program 112, 
a continuation program 1 13, a system initialisation pro- 
gram 1 14, a power off program 1 15, a power supply unit 
116, and an electric power switch 117. 

This embodiment represents post save processing 
means which enable the type of processing to be 
selected upon an instruction from the user after saving 
the system state into the external store. In this embodi- 
ment, three choices as to the type of processing to be 
selected are provided. The processing select program 
1 1 1 gives the user a display of the types of processing, 
which may be executed after saving of the system state, 
and prompts the user to select any one of the choices 
for instructing which type of processing is to be executed. 
If the instruction from the user is appropriate, the 
processing determination program 112 executes the 
processing program selected. In this embodiment, the 
following three choices of types of processing are 
offered: 

(1) continue the same processing after saving; 

(2) initialise the system and raise it from the begin- 
ning; and 

(3) cut off the power. 

Depending on which of the three choices is selected, 
the continuation program 113, the system initialisation 
program 1 14 and the power off program 1 15 are exe- 
cuted, respectively. 

The continuation program 113 allows the same 
processing as was being executed before activation of 
the save process start detecting means 1 1 to be contin- 
ued. In this case, it is necessary to eliminate the event 
which caused the save process start detecting means 
1 1 to be activated, or to prevent the save process start 
detecting means 1 1 from being operated again immedi- 
ately. 

The system initialisation program 1 14 initialises the 
system. In practice, the control initiative is advanced to 
an initialisation routine prepared beforehand. 

The power off program 1 1 5 cuts off the power for the 
system in a like manner to the aforesaid post save 
processing means 13. 

The restore process starting means 14 serves to 
activate the system state restoring means 15 (described 
later) upon turning on the power for the system or upon 
an instruction from the user. 



6 



11 



EP 0 720 096 A2 



12 



A first embodiment of the restore process starting 
means 14 shown in Figure 12 comprises a power on 
processing program 121 , a boot strap loader 122, and a 
process start determination program 123. 

When the system power is turned on, the power on 5 
processing program 121 starts operating to perform a 
basic check of the system, confirm and fixedly define the 
configuration, as well as initialise the I/O ports and the 
devices, such as RAMS, making up the system. Mes- 
sages or the like are delivered, as required, to report the 10 
system state. The boot strap loader 122 is activated to 
load an operating system. After loading, the control ini- 
tiative is usually transferred to the loaded operating sys- 
tem or to the loader contained therein for raising the 
operating system. In the present instance, however, the 15 
control initiative is advanced to the process start deter- 
mination program 1 23 to confirm whether the processing 
can be continued, the process start determination pro- 
gram 123 checking whether the system state has been 
saved by the system state saving means 12. If so, the 20 
system state restoring means 15 (described later) are 
activated after receiving an instruction from the user for 
confirmation, or directly. The system state restoring 
means 15 (described later) can be activated either after 
waiting for confirmation by the user or without conditions. 25 
In the former case, the user determines whether to exe- 
cute the processing continuously, whereas in the latter 
case the processing is continuous at all times. 

Figure 15 shows a second embodiment of the 
restore process starting means 1 4. The second embod- 30 
iment comprises a processing start program 131 which 
is provided as one of the commands for DOS and which 
runs the system state restoring means 15 (described 
later) if the system state has been saved by the system 
state saving means 12. If the system state has not been 35 
saved, the processing start program 131 issues a mes- 
sage or the like to inform the user that the system state 
cannot be restored. 

The system state restoring means 15 will now be 
described, a first embodiment of these means being 40 
shown in Figure 14. The first embodiment of the system 
state restoring means comprises a system restoring pro- 
gram 141 , a hard disk drive 142 having a system state 
store region 1 43 as a specific area therein, a main mem- 
ory 1 44, a CPU status store 1 45, and an I/O status store 45 
146. 

This embodiment of the system state restoring 
means 1 5 co-operates with the first embodiment of the 
system state saving means 12 in tandem. When the sys- 
tem restoring program 141 is activated, the system so 
restoring program reads the system state, which has 
been saved by the system state saving means 1 2, out of 
the system state store region 143 within the hard disk 
drive 142, thereby restoring the system state including 
the contents of the main memory 144, the CPU status ss 
store 145 and the I/O status store 146 to the preceding 
condition. The CPU status is completely restored to the 
original state in the final step of the post restoration 
processing means 16 (described later). Also, the I/O sta- 



tus is mostly restored by the means 15, but may be 
changed until the final step of the post restoration 
processing means 16 (described later), such changes 
being co-ordinated by the post restoration processing 
means 1 6 to restore the I/O status completely to the pre- 
vious condition. 

A second embodiment of the system state restoring 
means 1 5 shown in Figure 1 5 comprises a system resto r- 
ing program 151, a hard disk drive 152, a system state 
store file 153 constituting a file in the hard disk drive 152, 
a main memory 154, a CPU status store 155, and an I/O 
status store 156. 

This embodiment of the system state restoring 
means co-operates with the second embodiment of the 
system state saving means 12 in tandem. When the sys- 
tem restoring program 151 is activated, the system 
restoring program 1 51 reads the system state, which has 
been saved by the system state saving means 12, out of 
the system state store file 153 within the hard disk drive 
152, thereby restoring the system state including the 
contents of the main memory 154, the CPU status store 
155 and the I/O status store 156 to the previous condi- 
tion. The restoring method is the same as that which 
takes place in the aforesaid first embodiment of the sys- 
tem state restoring means. As stated in connection with 
the second embodiment of the system state saving 
means 12, there are a plurality of system state store files 
in some cases. In such cases, it is necessary to adapt 
the system restoring program 151 either for restoring the 
system state that was saved the last time, or for display- 
ing the list of files to the user to prompt selection of any 
one list. 

A third embodiment of the system state restoring 
means 15 is shown in Figure 16 and comprises a system 
restoring program 161, a floppy diskette 162, a system 
state store region 163 constituting a specific area in the 
floppy diskette 162, a main memory 164, a CPU status 
store 165 and an I/O status store 166. 

This embodiment of the system state restoring 
means co-operates with the third embodiment of the sys- 
tem state saving means 12 in tandem. When the system 
restoring program 161 is activated, the system restoring 
program 161 reads the system state, which has been 
saved by the system state saving means 12, out of the 
system state store region 163 within the floppy diskette 
162, thereby restoring the system state including the 
contents of the main memory 164, the CPU status store 
165 and the I/O status store 166 to the previous condi- 
tion. The restoring method is the same as that which 
takes place in the first embodiment of the system state 
restoring means 15. 

Two embodiments of the post restoration processing 
means 16 will now be described with reference to Fig- 
ures 17 and 18. 

The first embodiment shown in Figure 17 comprises 
a continuation processing program 1 71 . After the system 
state has been restored to the previous condition by the 
system state restoring means 15, the system control is 
advanced to the continuation processing program 171. 
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The continuation processing program 1 71 co-ordinates 
any changes in the system state restored by the afore- 
said system state restoring means required to bring it 
into the final state allowing continuation processing, and 
then advances the system control to the point immedi- 5 
ately following that at which the save process start 
detecting means 1 1 was operated. At this time, the sys- 
tem is already restored to the previous state, so the pro- 
gram which was previously being run is now finally run 
in a continued manner. 10 

The second embodiment of the post restoration 
processing means shown in Figure 18 comprises a 
processing select program 1 81 , a processing determina- 
tion program 182, a continuation processing program 
183, and a continuation break program 184. 15 

This embodiment allows the user to instruct which 
type of processing is to be executed, after the restoration 
of the system state by the aforesaid system state restor- 
ing means 15. In this embodiment, there are provided 
two choices as to the type of processing to be selected. 20 
The processing select program 181 gives the user a dis- 
play of the types of processing executable after restora- 
tion of the system state, and prompts the user to select 
one of the choices for instructing which type of process- 
ing is to be executed. If the instruction is appropriate, the 25 
processing determination program 182 executes the 
processing program selected. In this embodiment, the 
following types of processing are offered: 

(1) restore the system to the previous state for real- 30 
ising continuation of the processing; and 

(2) break continuation of the processing and then 
return to the command mode of DOS. 

Depending on which of these two choices is 35 
selected, the continuation processing program 183 and 
the continuation break program 184 are executed, 
respectively. 

The continuation processing program 183 is the 
same as the aforesaid continuation processing program 40 
171 in the manner in which the continuation of the 
processing is realised. The continuation break program 
1 84 returns the processing to the usual command mode 
of DOS. Accordingly, continuation of the processing is 
suspended. 45 

A typical computer incorporating the above individ- 
ual means together will be explained below with refer- 
ence to Figure 19. 

The computer comprises a power switch 191, a 
switch state port 1 92, a system timer 1 93, an interruption so 
controller 1 94, a timer routine 1 95, and a power off detec- 
tion processing program 1 96. The computer further com- 
prises a system saving program 197, a hard disk drive 
198, having therein a system state store region 199, a 
main memory 1 91 0, a CPU status store 1 91 1 , an I/O sta- 55 
tus store 1912, and power supply unit 1913 having an 
electric power switch 1914 capable of turning off the 
power supply unit 1913 by means of software. A power 
off program 1915 controls the switch 1914. A power on 



processing program 1916, a boot strap loader '1917, a 
processing start program 1918, a system restoring pro- 
gram 1919 and a continuation processing program 1920 
are also provided. 

The above configuration combines the following 
embodiments of each of the basic means: 

(1) The save process start detecting means 11 
shown in Figure 3; 

(2) The system state saving means 1 2 shown in Fig- 
ure 7; 

(3) The post save processing means 13 shown in 
Figure 10; 

(4) The restore process starting means 14 shown in 
Figure 12; 

(5) The system state restoring means 15 shown in 
Figure 14; and 

(6) The post restoration processing means 16 
shown in Figure 17. 

Operation of this embodiment of the computer will 
now be described. 

When the power switch 191 is turned off by the user, 
the switch state port 192, connected to the power switch 
1 91 and capable of reading the state of the power switch 
using a program, indicates the turn off of the power 
switch 1 91 . Further, the system timer 1 93 sends an inter- 
ruption request signal to the interruption controller 194 
at certain intervals, so that the interruption controller 1 94 
causes a timer interruption. In response to the interrup- 
tion request, the timer routine 195 is activated to carry 
out the necessary processing such as up-dating of a 
counter and then to call the power off detection process- 
ing program 196. The power off detection processing 
program 196 reads the switch state port 192, when it is 
allowed to detect the state of the power switch and con- 
tinue the processing, and activates the system saving 
program 1 97 if the power switch 1 91 is turned off, return- 
ing the control back to the timer routine 1 95 to terminate 
the timer interruption processing if the power switch 191 
is turned on. 

The system saving program 197 supplies the con- 
tents of the main memory 1910, the CPU status store 
1 91 1 and the I/O status store 1 91 2 into the system state 
store region 199 within the hard disk drive 198 as an 
external store. After completion of that task, the power 
off program 1915 is activated. The main memory 1910, 
the CPU status store 1911, the I/O status store 1 91 2 etc. 
are as explained above in relation to the first embodiment 
of the system state saving means 12. 

The power supply unit 1913 supplies power to the 
system. The electrical power switch 1914 is connected 
to the power supply unit 1913 and is capable of discon- 
necting the power supply unit 1913 by means of soft- 
ware. When the power off program 1915 turns off the 
electric power switch 1914, the power supply unit 1913 
is disconnected and the supply of power to the system 
is cut off. 
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Next, when the system power is turned on, the power 
on processing program 1916 starts operating to perform 
a basic check of the system, confirm and fixedly define 
the configuration, as well as initialise the I/O ports and 
the devices, such as RAMS, making up the system. The s 
boot strap loader 197 is then activated to load an oper- 
ating system (DOS). Subsequently, the process start 
determination program 1918 is activated to check 
whether the processing can be continued. If so, the con- 
trol is advanced to the system restoring program 1919. w 

The system restoring program 1919 reads the sys- 
tem state, which has been saved by the system saving 
programe 197, out of the system state store region 199 
within the hard disk drive 198, thereby restoring the sys- 
tem including the contents of the main memory 1910, the is 
CPU status store 191 1 . the I/O status store 1912, etc. to 
the state at the point when the power switch was last 
turned off. The various considerations in restoring the 
contents of the main memory 1910, the CPU status store 
191 1 , the I/O status store 1912, etc. are as set forth in 20 
connection with the system state restoring means 15. 

In order for the system restoring program 1919 to 
restore the system state completely by returning the con- 
trol to the point under the command executed when the 
power was last cut off, i.e. immediately after interruption 25 
of the timer routine 1 95, without any contradications, the 
final state is co-ordinated by the continuation processing 
program 1920. 

In this way, continuation of the processing with con- 
tinuous execution can be achieved whereas otherwise 30 
the processing would be suspended mid-way by the cut 
off of the power. 

Another embodiment of computer according to the 
present invention will be described with reference to Fig- 
ure 20. 35 

This embodiment includes a power switch 201, a 
power switch state detector 202, an interruption control- 
ler 203, and a power off detection program 204. The 
present embodi ment further includes a system state sav- 
ing program 205, a hard disk drive 206 having a system 40 
state store file 207 as a specific area therein, a main 
memory 208, a CPU status store 209, an I/O status store 
2010, a processing select program 2011, a processing 
determination program 2012, a system initialisation pro- 
gram 2013, a power off program 2014, a power supply 45 
unit 2015, and an electric power switch 2016 capable of 
turning off the power supply unit using software. A 
processing start program 2017, a system restoring pro- 
gram 2018, and a continuation processing program 201 9 
are also included. 50 

The above configuration combines the following 
embodiments of each of the basic rrieans:- 



(4) The restore process starting means 1 4 shown i n 
Figure 13; 

(5) The system state restoring means 15 shown i n 
Figure 15; and 

(6) The post restoration processing means 16 
shown in Figure 17. 

Operation of this embodiment will now be described. 

When the power switch 201 is turned off, the power 
switch state detector 202 detects this and issues to the 
interruption controller 203 a signal for requesting an 
interruption in accordance with the cut off of the power. 
Upon receiving that signal, the interruption controller 203 
causes an interruption indicating cut off of the power 
under. In response to the interruption, the power off 
detection program 204 and then the system saving pro- 
gram 205 are activated. 

The system saving program 205 supplies the con- 
tents of the main memory 208, the CPU status store 209 
and the I/O status store 2010, in the form of one file, to 
the hard disk drive 206 as an external store. This file is 
the system state store file 207. After completion of that 
task, the processing select program 2011 is activated. 
The main memory 208, the CPU status store 209 and 
the I/O status store 2010 are as explained in relation to 
the system state saving means 12. Also, the considera- 
tions in handling the file are as discussed with reference 
to the second embodiment of the system state saving 
means 12. 

The processing select program 201 1 gives the user 
a display of the choices in the type of processing which 
can be executed after saving of the system state, and 
then waits for an instruction from the user. In this embod- 
iment, the following two choices of types of processing 
are provided: 

(1) initialise the system and raise it from the begin- 
ning; and 

(2) cut off the power 

Depending on which of the two choices is selected, 
the processing determination program 2012 activates 
the system initialisation program 2013 or the power off 
program 2014. The system initialisation program 2013 
initialises the system in practice, the control is advanced 
to the initialisation routine prepared beforehand. The 
power off program 2014 operates the electric power 
switch 2016 to disconnect the power supply unit 2015, 
so that the supply of power to the system is cut off, as 
with the foregoing embodiment. 

Subsequently, when the system power is turned on 
to raise the system, the processing start program 2017 
is activated with a command from the operating system, 
which in turn activates the system restoring program 
2018. 

The system restoring program 2018 reads the sys- 
tem state, which has been saved by the system saving 
program 205, out of the system state store file 207 within 
the hard disk drive 206, thereby restoring the system 



(1) The save process start detecting means 11 
shown in Figure 2; 

(2) The save start saving means 1 2 shown in Figure 
8; 

(3) The post save processing means 13 shown in 
Figure 1 1 ; 
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state including the contents of the main memory 208, the 
CPU status store 209, the I/O status store 2010 etc. to 
its condition at the point where the power switch was last 
turned off. The considerations in restoring the contents 
of the main memory 208, the CPU status store 209, the s 
I/O status store 201 0 etc. are as set forth in connection 
with the second embodiment of the system state restor- 
ing means 1 5. Also, the considerations in the case when 
a plurality of system state store files are included are as 
explained in relation to the second embodiment of the 10 
system state restoring means 1 5. 

In order for the system restoring program 2018 to 
restore the system state completely by returning the con- 
trol to the point following the command executed imme- 
diately before the power was last cut off, i.e. immediately 15 2. 
after interruption of the power off detection program 204, 
without any contradictions, the final state is co-ordinated 
by the continuation processing program 2019. 

While various embodiments of the present invention 
have been described above, it will be understood taking 20 
into account the practical implementation of the respec- 
tive means and combinations thereof that many other 
embodiments are possible in addition to the illustrated 
ones. For example, the external store is not limited to 
hard disk drives and floppy disk drives, and may include 25 
IC cards, compact disk drives, tapes, etc. The system 3. 
state to be saved can be determined in dependence on 
the need for reducing the information stored. 

In any event, however, the present invention can pro- 
vide an inexpensive and reliable means of realising con- 30 
tinuity for a computer, so that it is possible to fully take 
advantage of the portable nature of small sized, battery 
driven computers which are likely to become more com- 
monly used in the future. The invention makes it possible 4. 
to improve the performance and convenience of such 35 
computers. 

Claims 



1. 



An apparatus for providing continuity of operation in 40 
a system which exhibits a system condition and 
which performs a process, the system including a 
CPU having a status, a main memory (84) for storing 
data and a power supply (101) for supplying power 
to said system, said apparatus for providing conti nu- 45 
ity comprising: 

save process start detecting means (11) for 
detecting a demand to begin a save process and 
producing a demand signal in response thereto; 
characterised by further comprising; 50 

non-volatile memory means (72) for storing 
data representing the condition of said system; 

system state saving means (12) coupled to 
said save process start detecting means for receiv- 
ing said demand signal, and coupled to said CPU 55 
and said main memory for receiving a CPU status 
corresponding to the status of said CPU at the time 
of said demand and the data in said memory at the 
time of said demand, the CPU status and data rep- 



resenting a condition of said system at an occur- 
rence of said demand, and being further coupled to 
said non-volatile memory means for storing said 
system condition in said non-volatile memory means 
in response to said demand signal to the extent nec- 
essary to restore said system to enable said appa- 
ratus to perform said process and to continue said 
process at one of the same, next or prior step; and 
post-save processing means (13) coupled to 
said system state saving means for performing 
processing after said system state saving means 
has completely output said system condition to said 
non-volatile memory means. 

The apparatus for providing continuity of operation 
according to claim 1 , wherein said demand to begin 
a save process is initiated by a user, and wherein 
said save process start detecting means includes 
user instruction input means (51) to provide a user 
input, said user input indicating a demand to begin 
a save process and wherein said save process start 
detecting means produces said demand signal in 
response to said user input indicating a demand to 
begin a save process. 

The apparatus for providing continuity of operation 
according to claim 1 or 2, wherein said non-volatile 
memory means includes a fixedly reserved system 
state store region (73), and wherein said system 
state saving means stores said system condition in 
said fixedly reserved system state store region of 
said non-volatile memory means. 

The apparatus for providing continuity of operation 
according to claim 1 or 2, wherein said non-volatile 
memory means includes at least one system state 
store file (83), and wherein said system state saving 
means stores said system condition in said at least 
one system state store file of said non-volatile mem- 
ory means. 

The apparatus for providing continuity of operation 
according to claim 1 or 2, wherein said non-volatile 
memory means includes a contiguous system state 
store region and wherein said system state saving 
means stores said system condition in said contig- 
uous system state store region of said non-volatile 
memory means. 

The apparatus for providing continuity of operation 
as claimed in any preceding claim, wherein the sys- 
tem further includes a plurality of input/output ports 
and/or devices having a status; and said system 
state saving means is additionally coupled to said 
plurality of input/output ports and/or devices for fur- 
ther receiving an I/O status corresponding to the sta- 
tus of said plurality of input/output ports and/or 
devices at the time of said demand, said I/O status, 
in addition to the CPU status and data, representing 
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a condition of said system at an occurrence of said 
demand. 

The apparatus for providing continuity of operation 
according to any of claims 1 to 6, further comprising: s 

restore process start means (14) coupled to 
said power supply for detecting when said power 
supply is turned on and outputting a detection signal 
in response thereto; 

system state restoring means (1 5) coupled to 10 
said restore process start means for receiving said 
detection signal, coupled to said non-volatile mem- 
ory means for reading said system condition there- 
from, and coupled to said CPU and main memory 
for restoring, in response to said detection signal, is 
said CPU and main memory to the system condition 
stored in said non-volatile memory means, whereby 
said process can be continued at one of the same, 
next or prior process step as the process step occur- 
ring when said demand was detected by said save 20 
process start detecting means. 

The apparatus for providing continuity of operation 
according to any of claims 1 to 6, further comprising: 

restore process start means (14) coupled to 25 
said power supply for detecting when said power 
supply is turned on and outputting a detection signal 
in response thereto; 

process selecting means (181) operatively 
coupled to said restore process start means for dis- 30 
playing to a user a plurality of processes which may 
be executed, at least one of said displayed proc- 
esses being continuing the operation of said process 
after the system condition has been restored; and 

system state restoring means (1 5) coupled to 35 
said non-volatile memory means for reading said 
system condition therefrom, and coupled to said 
CPU and said main memory for restoring said CPU 
and said main memory to the system condition 
stored in said non-volatile memory means at one of 40 
the same, next to prior process step as the process 
step occurring when said demand was detected by 
said process start detecting means. 

The apparatus for providing continuity of operation 45 
according to any of claims 1 to 6, further comprising: 

restore process start means (14) coupled to 
said power supply for detecting when said power 
supply is turned on and outputting a detection signal 
in response thereto; so 

process start determination means coupled 
to said restore process start means for receiving 
said detection signal, said process start determina- 
tion means confirming, in response to said detection 
signal, whether processing can be continued from a 55 
system condition saved in said non-volatile memory 
means and outputting a confirmation if said process- 
ing can continue; 

system state restoring means (1 5) coupled to 



said process start determination means, coupled to 
said non-volatile memory means for reading said 
system condition therefrom, and coupled to said 
CPU and main memory for restoring said CPU and 
main memory to the system condition stored in said 
non-volatile memory means in response to said con- 
firmation from said process start determination 
means that processing can be continued from a sys- 
tem condition saved in said non-volatile memory 
means; and 

post-restore processing means (16) coupled 
to said system state restoring means for determining 
when the CPU and main memory are restored to the 
system condition which existed at the time of said 
demand to begin a save process, and coupled to 
said CPU and main memory for controlling the oper- 
ation of said process after the system state restoring 
means has restored said system condition, said 
post-restore processing means continuing said 
process at one of the same, next or prior process 
step as the process step occurring when said 
demand was detected by said save process start 
detecting means. 

10. The apparatus for providing continuity of operation 
according to claim 7 or 8, wherein; 

said system state restoring means is addi- 
tionally coupled to said plurality of input/output ports 
and/or devices for additionally restoring, in response 
to said detection signal, said plurality of input/output 
ports and/or devices to the system condition stored 
in said non-volatile memory means, whereby said 
process can be continued at one of the same, next 
or prior process step as the process step occurring 
when said demand was detected by said save proc- 
ess start detecting means. 

11. The apparatus for providing continuity of operation 
according to claim 9, wherein; 

said system state restoring means is addi- 
tionally coupled to said plurality of input/output ports 
and/or devices for additionally restoring said plurality 
of input/output ports and/or devices to the system 
condition stored in said non-volatile memory means 
in response to said confirmation from said process 
start determination means that processing can be 
continued from a system condition saved in said 
non-volatile memory means; and 

said post-restore processing means coupled 
to said system state restoring means for further 
determining when said plurality of input/output ports 
and/or devices are restored to the system condition 
which existed at the time of said demand to begin a 
save process, and additionally coupled to said plu- 
rality of input/output ports and/or devices for control- 
ling the operation of said process after the system 
state restoring means has restored said system con- 
dition, said post-restore processing means continu- 
ing said process at one of the same, next or prior 
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13. 



process step as the process step occurring when 
said demand was detected by said save process 
start detecting means. 

. The apparatus for providing continuity of operation 
according to any preceding claim, wherein said save 
process start detecting means further includes a 
switch (21) having an on state and an off state, and 
power off detection processing means (22) for read- 
ing the power switch state indicated by said switch 
and producing a demand signal when said power 
switch is in an off state. 

The apparatus for providing continuity of operation 
according to any preceding claim, wherein said 
power supply includes a battery having a voltage, 
and said save process start detecting means 
includes a battery voltage detection processing 
means for detecting the voltage of the battery and 
producing a demand signal when said voltage falls 
below a predetermined value. 



14. The apparatus for providing continuity of operation 
to any preceding claim, wherein said post-save 
processing means is further coupled to said power 
supply and turns off said power supply after said sys- 
tem state saving means has completely stored said 
system condition to said non-volatile memory 
means. 



15. The apparatus for providing continuity of operation 
according to any preceding claim, wherein said post- 
save processing means further includes process 
selecting means (111) operatively coupled to said 
system state saving means for displaying to a user 
a plurality of processes which may be executed after 
said system condition has been stored in said non- 
volatile memory means, and process determination 
means for permitting selection of one of said plurality 
of displayed processes in accordance with an input 
from said user, at least one of said processes being 
continuing with the current process. 

16. The apparatus for providing continuity of operation 
according to any preceding claim, wherein said non- 
volatile memory means includes an external storage 
means. 
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tern condition, said method comprising the steps of: 
detecting a demand for saving said system 
condition and providing a demand signal; 

storing said system condition to said non-vol- 
atile memory in response to said demand signal to 
the extent necessary to restore said process and to 
continue said process at one of the same, next or 
prior step; and 

performing processing after said system con- 
dition has been completely stored to said non-vola- 
tile memory. 

The method for providing continuity of operation 
according to claim 1 8. wherein said demand for sav- 
ing said system condition is initiated by a user. 

The method for providing continuity of operation 
according to claim 18 or claim 19, wherein said non- 
volatile memory includes a fixedly reserved system 
state store region (73) and said system condition is 
stored to said fixedly reserved system state store 
region of said non-volatile memory. 



21. The method for providing continuity of operation 
according to claim 18 or claim 19 wherein said non- 
volatile memory includes a contiguous system state 
store region and said system condition is stored to 
said contiguous system state store region of said 
non-volatile memory. 
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The method for providing continuity of operation 
according to claim 18 to 19, wherein said non-vola- 
tile memory includes a system state store file (83) 
and said system condition is stored to said system 
state store file of said non-volatile memory. 

The method for providing continuity of operation 
according to any one of claims 18 to 22, wherein the 
system further includes a plurality of input/output 
ports and/or devices having a status, and said status 
of said plurality of input/output ports and/or devices 
also represents said system condition. 



24. The method for providing continuity of operation 
according to any one of claims 1 8 to 23, wherein said 
non-volatile memory includes an external storage 
means. 



1 7. The apparatus for providing continuity of apparatus 
according to claim 1 6, wherein said external storage so 
means includes a hard disk drive. 

18. A method for providing continuity of operation in a 
system which exhibits a system condition and which 
performs a process, the system including a CPU 55 
having a status, a main memory (84) for storing data, 

a non-volatile memory (72) and a power supply 
(101) for supplying power to said system, said CPU 
status and main memory data representing said sys- 



25. The method for providing continuity of operation 
according to claim 24. wherein said external storage 
includes a hard disk drive 
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